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Supplementary Figure 1 | Comparison between electrode setups for bioelectricity 
signal recording and for tactile sensing. a, Conventional electrodes for bio-electricity 

signal recording, for which the electrode-hydrogel interface maintains stable during test. 

b, Corresponding simplified equivalent circuit. c, Electrodes for pressure sensing, for 
which the electrode with surface microstructures has a tunable interface that responds 

sensitively to applied pressure, whereas the other electrode is conformably attached on 

skin and has a constant interfacial contact area. d, Simplified equivalent circuit for the 
sensing structure. Here VSTI represents the electrical potential generated by bioactivities 

of the human body; VREC represents the difference between electrical potential of the 

human body detected by two detecting electrodes, often recorded by using a voltage 
meter. CEH and CHS represent the capacitances of the electrode/hydrogel interface, and 

hydrogel/skin interface, respectively, both are constant because of the conformal 

contact interface. RL represents the leakage resistance; Ri represents the resistance of 
the skin tissue between two electrodes. C1 is the capacitance between the 

microstructured electrode-skin interface, which can be changed upon loading; and C2 

is the capacitance between the electrode-skin interface, which is constant because of 
the conformal interface.  
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Supplementary Figure 2 | Evidence of iontronic nature of the SEMS. a, Recorded 

differential capacitances between conformable electrodes at different distances denoted 

as CE, E1, E2, and E3. Differential capacitances between electrode couples of CE-E1 

(distance: 10 cm), CE-E2 (distance: 20 cm), and CE-E3 (distance: 100 cm) are measured, 

and no significant change in differential capacitance is observed when varying the 

distance. b, Recorded net capacitance of a SEMS as a function of test frequency from 

1 kHz to 1 MHz, showing that the capacitance decreases as the test frequency increases. 

The results are in good agreement with the proposed iontronic nature of the SEMS. All 

electrodes are attached on skin and 20 mm × 20 mm in area.  
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Supplementary Figure 3 | Top view (up) and side view (bottom) configurations of 

the spacer. 
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Supplementary Figure 4 | The contact impedance between electrodes and the skin. 
The size of the SE is 1 cm × 1 cm, and the size of the CE is 2 cm × 2 cm. 
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Supplementary Figure 5 | Limit of detection, and response speed of the SEMS. a, 

Limit of detection of the SEMS is determined to be ~0.2 Pa. b, Response and relax 

times of SEMS are all ~15 ms. Test frequency is 1 kHz for response speed test by using 

a Keysight E4981A LCR meter, which has a measurement speed of 3.0 ms at 1 kHz. 
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Supplementary Figure 6 | Capacitance of the SEMS as a function of applied 

pressure when no spacer was used. Sensitivity values at three different pressure 

ranges are indicated. The result shows that the SEMS exhibits a lower sensitivity if 

without using a spacer. 
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Supplementary Figure 7 | Signal of the SEMS generated by pressing the SE with 

increasing forces using a pen.  
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Supplementary Figure 8 | Spatial resolution of the sensing electrodes and signal 

crosstalk tests. The green line is the capacitance signal from a sensing element “A” 

generated by pressing one of the two circular sensing elements (marked as “A” and “B”) 

at a distance of 0.8 mm. The diameter of the sensing elements is 0.5 mm. The responses 

are negative (indicated by the red arrows) when pressing the sensing element “B” 

because the skin deforms inwards causing slight decreasing of contact area. Note that 

this crosstalk intensity (~0.1 pF) is far lower than that caused by touching (tens of 

picofarads). The results indicate that the SEMS could be rationally designed to have a 

high spatial resolution of <1 mm and negligible crosstalk. 
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Supplementary Figure 9 | Flexibility and attachability of the electrodes.   
Photographs of (a) a SE and (b) a CE under squeezing (strain ~20%), showing that the 
electrodes can be conformably attached on skin.  
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Supplementary Figure 10 | The output varies at different sites including wrist, finger 
joint, finger, forearm and palm under normal forces of 0.2, 0.4, and 0.6 N.  
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Supplementary Figure 11 | Resistance under 5000 cycles of bending-release. The 
bending radius is 0.6 cm. The size of the SE is 4 mm × 20 mm, and the SE is 
encapsulated by two pieces of PDMS films. At the bottom of this layered structure, a 
PET film is placed to give a support. 
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Supplementary Figure 12 | Capacitance values under different test frequencies of a 
SEMS laminated on skin at 0 h, and after laminated on skin for 24 h. SE area is 20 
mm×20 mm, and the SE is fixated with a piece of breathable tape. The increase in 
capacitance after 24 h use can be ascribed to the increased moisture of the skin.  
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Supplementary Figure 13 | The variation of pulse waveforms and pulse rates from 0 

to 50 min. 
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Supplementary Figure 14 | Pulse waves detected from different subjects, including a 

6-year-old girl and a 60-year-old man. 
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Supplementary Figure 15 | Motion artifacts and interference immunity of the 

SEMS. Capacitance signal outputs during (a) slow walking and (b) hand waving, and 

corresponding fast Fourier transformation results (c and d, respectively), showing 

characteristic frequencies of the pulse and motion artifacts. Tests were carried out with 

the SE attached on a thumb. Insets in panels (a) and (b) show magnified signals under 

stationary and moving states.  
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Supplementary Figure 16 | Electromagnetic interference test. a, Electromagnetic 

field induced interferences to the SEMS signal by approaching to the electrodes with a 

hand. For the red line, the SE is fixed on the skin surface of radial artery, and the 

approaching causes slight decreasing of the baseline but does not affect the detection 

of the pulse waveform. b, Interferences by making a calling (cellphone is only ~1 cm 

away from the SE), and by approaching with a metal conductor as well as a plastic 

insulator. Metal approaching causes a slight decrease of the baseline, while calling or 

approaching with a plastic bar does not change the signal.   
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Supplementary Figure 17 | Effect of pillar stiffness on the response. a,b, Side-view 

SEM images of (a) a flocked fabric with coarse and vertical pillars, and (b) a flocked 

fabric with fine and tilted pillars. This experiment is repeated independently at least 

three times. c,d, Response as a function of applied pressure for SEMSs with coarse and 

fine pillars, respectively. The coarse pillars are much stiffer such that the response of 

the corresponding SEMS still have an initial contact stage, for which the sensitivity is 

only 0.2 kPa. SEMS with fine and tilted pillars, however, directly undergoes into the 

buckling stage with a higher sensitivity.  
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Supplementary Figure 18 | Motion interference to pulse signal by hand waving of 

a fully textile sensing element. a, Pulse signal outputs before and during hand-waving, 

and (b) corresponding frequency-domain results. Tests were carried out with a flocked 

SE attached on a thumb.  

  



20 
 

 

0 25 50 75 100

12

16

20

24

C
 (

pF
)

Number of cycles

P=3 kPa

 

Supplementary Figure 19 | Stability test of a SEMS based on flocked electrode. 

The test was carried out on a piece of porcine skin at a peak pressure of 3 kPa.    
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Supplementary Figure 20 | Skin irritation test for a flocked SE. a, Optical graph of 

the SE attached on a piece of band-aid, which would be laminated on the skin for 

irritation test. b, Optical image of a selected skin area without laminating a SE. c, After 

laminating the SE on the selected skin area for 10 days, no redness was found on the 

SE covered area, and no itchiness was reported.    
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Supplementary Figure 21 | The variation of pulse waveforms and pulse rates from 0 
to 50 min detected using a textile sensing element. 
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Supplementary Figure 22 | The SEMS works normally after the electrodes were 
immersed in simulated human sweat for 12 h. 
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Supplementary Figure 23 | Schematic for the fabrication process of the micropillar 

electrode. Details can be found in the Methods section.  
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Supplementary Table 1 | Comparison of the SEMS with representative 

capacitive or iontronic skins. 

Ref. Type Sensitivity 
Response 

Time 
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Our work 

Capacitive 

Capacitive 

Iontronic 

Iontronic 

Capacitive 

Capacitive 

Capacitive 

Iontronic 

Capacitive 

Iontronic 

0.19 kPa-1 (0-1.2 kPa); 0.02 kPa-1 (1.6-5 kPa) 

0.42 kPa-1 (0-1.5 kPa); 0.04 kPa-1 (>5 kPa) 

6.5 kPa-1 (0-10 kPa); 13.5 kPa-1 (10-175 kPa) 

4.07 kPa-1 (0-0.2 kPa); 1.08 kPa-1 (0.2-2kPa); and 0.45 kPa−1 (2-8kPa) 

0.062 kPa-1 (0-0.3 kPa); 0.033 kPa-1 (>0.3 kPa) 

6.583 kPa-1 (0-100 Pa); 0.125 kPa-1 (0.1-1 kPa) 

0.51 kPa-1 (0-1 kPa); 0.01 kPa-1 (10-150 kPa); 0.006 kPa-1 (150-400 kPa) 

3302.9 kPa-1(0-10 kPa); 671.7 kPa-1 (10-100 kPa); 229.9 kPa-1 (100-360 kPa) 

4.4 kPa-1 (0-0.3 kPa); 0.073 kPa-1 (0.3-13 kPa); 0.015 kPa-1 (>13 kPa) 

1.3 kPa-1 (0-3 kPa); 11.8 kPa-1 (3-4 kPa); 2.8 kPa-1 (4-15 kPa) 

161 ms 

<100 ms 

30 ms 

<52 ms 

45 ms 
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9 ms 

16 ms 

15 ms 
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